ABSTRACT Agricultural irrigation plays a fundamental role in ensuring the food security and economy of rural communities. However, irrigation systems in many developing countries suffer from low performance, which eventually adversely affects their sustainability.
INTRODUCTION
Irrigation plays an important role in the development of countries where agriculture is the main sector of the economy. According to the Food and Agricultural Organization (FAO), the world's irrigation systems produce 40% (by weight) or 60% (on a dollar basis) of the world's food supply, and crop production in developing countries is projected to increase 175% by 2030. However, this increase will cause further sustainability issues for irrigation water and land. Decline in supply and condition of irrigation water and cropland is predicted to cause annual global losses of 350 million metric tonnes of food in 2025 [1] .
For example, in Indonesia over the last 20 years it is estimated that 2.5 million paddy fi elds have been converted for other use, without an equivalent replacement, and water shortages during the dry season are becoming increasingly evident. Moreover, the biggest threat to irrigation is deferredmaintenance ageing and a lack of rehabilitation of irrigation assets, caused primarily by a lack of adequate funding. This has created severe constraints on performance,which results in low productivity. In turn, this threatens the sustainability of irrigation systems.
Improved irrigation performance and sustainability can be achieved through better asset management. Malano and Hofwagen [2] described irrigation asset management as: '... A strategy for the creation or acquisition, maintenance, operation, rehabilitation, modernisation and disposal of irrigation and drainage assets to provide an agreed level of service in the most cost-effective and sustainable manner'. Since the tertiary-level irrigation system operation and maintenance in Indonesia are being transferred to water user associations (WUAs), irrigation system performance and sustainability improvements are achieved through a participatory approach. Therefore, with regard to Burton et al. [3] opinion that stated the simplifi ed asset management procedure for a transferred irrigation systems is a relevant and applicable procedure to the conditions experienced in a transferred irrigation system. The Asset Management Plan (AMP) model developed was a simplifi ed one and that enables WUAs to manage the assets of a transferred irrigation system in the most cost-effective and sustainable manner. It is expected that this simplifi ed AMP model could help not only WUAs in rural Indonesia to improve water and irrigation asset management but also could be implemented in other developing countries.
According to Burton et al. [3] , a major component of AMP is the assessment of the current condition and performance of the irrigation system that is carried out through asset surveys as well as assessment of the desired level of service, which can be made through interviews and discussions with water users. Previous assessments on the irrigation system case studies by Kustiani and Scott [4] incorporated methods of rapid appraisal process (RAP) and benchmarking, opinion surveys, and asset surveys. It was intended to gain a more in-depth perspective on the existing Indonesian irrigation system. The results from these assessments were assessed further through a sustainability framework that identifi es the objectives related to the Triple Bottom Line (TBL) sustainability (people, planet and profi t). The TBL framework addresses these objectives using selected indicators and performance measures, and it became a complement to the previous assessments to review how well the system meets current and projected standards of service targets, without reducing natural resources.
The performance and sustainability assessments showed that the irrigation system case studies performance were typically below their potential and the condition of the assets was typical of deferred maintenance; it can be understood that the TBL sustainability assessment results showed that irrigation sustainability was at risk. However, the study also found that despite these conditions, farmers were mostly satisfi ed with the services they received from the irrigation authorities; but they also wished for better services and infrastructure. The study also reviewed the performance and sustainability shortfall and its cause analysis and indicated three managerial changes and three physical changes needed to be carried out in order to improve irrigation performance and sustainability. The proposed changes were also taking into account the changes suggested by experts Bruns and Helmi [5] and Burt [6] as follows:
1. Modernising irrigation systems: (a) Applying pressurised irrigation methods and recirculating the irrigation water to improve irrigation effi ciency, (b) improving channel conditions and increasing the number of turnouts/offtakes to improve irrigation services and water distribution, and (c) expanding the scope of the irrigation service fee (ISF) by specifying water delivery services, installing suitable measuring devices to implement the ISF based on the volume of water used, and increasing the ISF to improve water use effi ciency and to increase management, operation and maintenance (MOM) cost recovery. 2. Improving irrigation system management, procedures, and communication by improving participation in irrigation management: (a) diversifying agriculture and developing agricultural business, (b) expanding the role of WUAs as business organisation/enterprises, and (c) hand over secondary-level/larger systems to WUAs.
The options of changes were then asked to the stakeholders through a Pair-wise Comparison questionnaire as a basis for them to make choices on changes. The preferences on the proposed options vary between governments, consultants and contractors, and farmers (WUA heads). Subsequently, the results were used to weigh the proposed actions against three key sustainability issues of the TBL sustainability indicator framework: technical and economic, social, institutional and legal issue, and environmental, public health and safety. These key issues were then developed further into several criteria for sustainability to determine the goals to be achieved in implementing the changes [7] . The purpose of the use and integration of these two methods was to fi nd an alternative and robust solution that would be welcomed by stakeholders. The assessments showed that the physical changes that require major capital cost are less desirable as are managerial changes that would give WUAs greater authority.
Although modernisation of irrigation systems such as pressurised irrigation would improve efficiency and sustainability in terms of resources use and MOM, it is less desirable due to heavy costs along with restructuring of the MOM of irrigation systems.
The previous investigations on Indonesia irrigation system performance were mainly done in Java [8] [9] [10] [11] [12] . Just by looking at performance review of irrigation system in Java does not represent the performance of the majority of irrigation systems in Indonesia since it is widely known that irrigation systems (as well as WUAs) are well developed in Java and Bali. The Province of Lampung was chosen for some reasons, one of which is the province is one of the major rice production centres and a mainstay of regional food security. The research presents 11 case study irrigation systems (one large, three medium and nine small irrigation systems) scattered throughout the Way Seputih and Way Sekampung River catchment area in the Province of Lampung. Figure 1 illustrates the location of irrigation system case studies in the province and the location of the province in Indonesia.
2 LITERATURE REVIEW AMP helps irrigation authorities utilise assets and maintain their condition in the best possible way to provide a level of service that is consistent with cost-effectiveness and sustainability objectives. AMP also assists in achieving the broad goals of system performance improvement [6] . AMP outcomes are designed to meet the requirements of reliability, manageability, fi nancial viability and physical sustainability, and they must also meet equity, productivity and environmental requirements. Outcomes should also consider various constraints, prioritisation of alternative strategies, and sources and realistic levels of funding. The Institute of Irrigation Studies (IIS) [13] suggested that AMP contains a fi nancial model with a provisional investment program consisting of capital planning (20 years), budget planning (5 years), budget priorities and investment priorities (5 years). For Indonesia context, the IIS suggested that the AMP should also include the elements of needsbased budgeting, ISF, turnover programs, effi cient operation and maintenance, programming and monitoring systems, integrated basin water resources management, project benefi t monitoring and evaluation, and cost-effective rehabilitation and modernisation system research study. In the last two decades, the transferring of irrigation management from the government to user groups (WUAs) has been adopted by many countries. A study by Sampath [14] justifi ed that improved water control/irrigation can be achieved at a comparatively low cost through local initiatives, responsibility and control. Therefore, devolving fi nancial autonomy for operation and ity and control. Therefore, devolving fi nancial autonomy for operation and maintenance (O&M) to user groups is advisable. The transfer requires communication between maintenance (O&M) to user groups is advisable. The transfer requires communication between irrigation authorities and WUAs. Standards of performance measures and desired levels of service irrigation authorities and WUAs. Standards of performance measures and desired levels of service must be stipulated in order for WUAs to focus on sustaining and enhancing the condition of the must be stipulated in order for WUAs to focus on sustaining and enhancing the condition of the irrigation infrastructure [3] . irrigation infrastructure [3] .
Turnover means that the government continues to operate dams and regulate river fl ows while the operation, management and water distribution lie with the farmers. It becomes the WUAs' responsibility to allocate water amongst its members and to recover the charges to permit longer term investments. This solution could resolve the O&M problems with public irrigation systems. At the moment, the general consensus among governments and fi nancial institutions is that the user should pay all the O&M costs, and as much as possible of the capital costs.
According to Koç [15] , fi nancial administration of MOM services in irrigation systems is one of the most important functions of a WUA. To ensure the successful implementation of this program, the government should provide a simplifi ed system to match local capability and resources. Proper fi nancial management not only enables the WUA to properly operate and maintain its irrigation drainage system but also assures the economic viability and sustainability of the WUA, and establishes and maintains member confi dence [16] . Aspects of the fi nancial performance of irrigation that most relate to management transfer are the cost of irrigation to the government, the cost of irrigation to farmers, level of management staff (often the largest component of MOM costs, level of water charges and collection rates, budget solvency and revenue sources [17] . A study by Oad [18] suggested that a strong WUA is an excellent indicator and predictor of improved O&M performance.
The price of water (ISF) is the amount paid for water consumption by the user. The purpose of the ISF, in accordance with Gerhard [19] , is to enable the irrigation system to deliver water to all tertiary units in an equitable manner, to dispose of drainage water in a timely manner, and to facilitate the distribution of water. Water pricing methods vary considerably across and within the developing countries. There are many confl icting goals inherent in charging for water [20] . Vermillion and Johnson [21] proposed considerations such as area, volume and output basis choices in order to establish a workable ISF rate.
Public irrigation water prices are often determined by the amount needed to recover the cost of O&M of irrigation projects, at the very least. Unfortunately, in many irrigation systems in developing countries, water is still provided as a free service or pricing systems act mostly as a disincentive to effi cient water use. Moreover, many Asian countries have failed to make the necessary policy changes required to recover the costs of their irrigation systems [14] . Environmental degradation due to the ineffi cient utilisation of water is an example of the failure to recognise the value of water. Water pricing has to be accompanied by greater accountability and it should include the experience of the 'the farmer's voice'. Therefore, WUAs are a mechanism for introducing user incentives and they can play a key role (rights and responsibilities) in the management of small or tertiary-level irrigation systems. The ISF needs to be established at the tertiary level, for use by WUAs in supporting tertiary O&M activities. ISF collection should generate funds and allocate them for the effective operation and maintenance of transferred irrigation systems.
There are three alternative asset management approaches suggested by the Australian Asset Management Collaborative Group [22] :
1. Option A -The annual maintenance costs are low, but the annual capital costs are relatively high. This scenario could be expected in a situation where maintenance costs come out of a local revenue budget but capital costs are centrally controlled. 2. Option B -The annual maintenance costs are high in order to prevent the deterioration of assets, but the annual capital cost of sustaining the standard of service (SOS) is low. This scenario could be expected in a situation where it is diffi cult to justify replacement expenditure, or where the prioritisation system favours improvement projects. 3. Option C -Minimises the whole-life cost of providing the required SOS (i.e. the optimum balance between maintenance and replacement costs). This scenario is most likely in an organisation that is operating with effective asset management with clear responsibilities for whole-life costs, and sound information systems to support the best asset management decisions based on the whole-life cost.
Up until now, WUAs have been following Option A. However, the turnover of tertiary-level irrigation systems to WUAs means that WUAs are now fully responsible for MOM costs at this level. To successfully manage tertiary irrigation assets, WUAs must use the Option C approach. This option helps WUAs to ensure, where possible, that available funds are spent on planning, purchasing and installation, O&M, and renewal of tertiary-level irrigation assets in a costeffective manner.
A formal asset management system/strategy (AMS) should also provide information on asset condition or performance. The Modern Equivalent Asset (MEA) is a common method, widely utilised to value assets. MEA value is the cost, at current prices, of a modern asset of equivalent function, not necessarily replicating the existing asset in precise detail. The gross MEA value is the full amount needed to provide such an asset at the current time. The net MEA value allows for the depreciation of asset value over its life. A relationship between the condition of an asset and its nominal depreciated value must be determined for use within the cost model [13] . In appraising the MEA value, discount rate and net present value principles are applied.
The results of the models are typically necessary to obtain approval to proceed. Life cycle cost (LCC) is the main tool used for the economic evaluation of public projects such as irrigation. LCC analyses and estimates total costs experienced in annual time increments over the life of an asset, including cost of acquisition, operation, maintenance, conversion/upgrade/renewal, and decommission with consideration given to the time value of money. The objective of LCC analysis is to choose the most cost-effective approach from a series of alternatives in order to achieve the lowest longterm cost of ownership. The process involves weighing the total expected costs against the total expected benefi ts of one or more actions and adjusted to account for the time value of money (present value). To derive a formulation for the LCC, it is important to develop a realistic estimation on the useful life of an asset and its depreciation, and its salvage value. LCC also requires appropriate records of past expenditure and asset condition over time. Unfortunately, the WUAs in Indonesia were still not aware of the importance to keep such information. Therefore, a typical deterioration curve for channels and hydraulic structure asset groups can be utilised to estimate future expenditure on assets.
3 METHODOLOGY A simplifi ed AMP for sustainable Indonesian irrigation systems was developed over several stages by utilising and adapting several methods that have been internationally accepted. The stages of developing a simple and cost-effective AMP for rural irrigation systems were depicted as shown in Fig. 2 . The Stage 1 and Stage 2 results have been published previously [4] ; therefore, this paper only discusses the Stage 3 of the research.
The fi nal stage aimed to develop an appropriate AMP that would enable WUAs in rural Indonesia to manage the assets of a transferred irrigation system in the best/most cost-effective way in order to achieve sustainability goals. An AMP for sustainable future Indonesian irrigation systems was developed by considering constraints, prioritising alternative strategies, and looking at sources and realistic levels of funding.
The simplifi ed AMP model for a transferred system was developed based on the most robust physical and managerial proposed changes and by considering the aspects of budget constraints, and sources and realistic levels of funding. The fi nancial modelling process (LCC) is one of the reviewing and refi ning provisional investment programs presented in the AMP. To derive a formulation for the LCC, the following assumptions were used: a useful life period of 25 years was set for the tertiary irrigation assets under evaluation [13] and a 15% discount rate was applied based on the Indonesia infl ation rate for the last 22 years [23]. Since maintenance and renewal activities of assets at the tertiary level were not recorded, the assumptions made on asset condition was based on Stapelberg [24] : roughly a 40% drop in asset condition within 75% of useful life and a further 40% drop in condition (i.e. an 80% drop) within 80% of its useful life.
The objective of LCC analysis is to minimise the whole-life cost of providing the required SOS (i.e. the optimum balance between maintenance and replacement costs). A historical record of past expenditure, coupled with a forecast of expenditure to sustain the SOS, is a solid foundation to establish LCC. The future level of service was defi ned based on the previous assessment results [4] that showed the potential of irrigation system case studies. Therefore, the AMP is primarily used to communicate information about assets and the actions required to provide a defi ned level of service.
DISCUSSION
Since the province of Lampung experiences high and heavy rainfall, the potential for resourcing surface water and groundwater is great. Most of the region experiences its wet season for 9 -10 months a year. During the wet season, December to March is generally the fi rst cropping season of rice; water availability is not a problem in most systems and is of a supplementary nature only. The second cropping season occurs from March to June, and although there is rain, optimal harvest achievement is required with the support of irrigation water. In some areas where irrigation water is adequate, a third cropping season can take place by growing a second crop (palawija) during the dry season. Therefore, water availability is an important factor that affects the level of services provided to the farmers in the second and third cropping season.
Irrigation water in the areas under study generally relies on supplies from the river run-off. Surface water supplies the rice fi elds by gravity-open channel networks that are generally unlined. There is no groundwater used in any of the case study irrigation systems.
At the moment, the Government of Indonesia is implementing a policy that empowers and strengthens WUAs by instituting a system that formally and legally recognises the rights of WUAs to manage public water and to collect ISFs for the water provided, and expanding the role of WUAs as business organisations. WUAs as business organisations are able to use profi ts from sideline activities to maintain fi nancial stability and to cover their costs in the face of constantly increasing expenditure levels.
Irrigation infrastructure is fi nanced by the Government and at the tertiary level, it is fi nanced in collaboration with benefi ciaries through a cost-sharing system. The strategy aims to develop WUAs technically and fi nancially enough to become self-suffi cient. WUAs would also be responsible for the O&M of irrigation infrastructure and farmer investment in irrigation infrastructure by regulating water rights, taking into account water availability and water use effi ciency. Unfortunately, only a few WUAs are fi nancially and technically independent. Through Participatory Irrigation Sector Project (PISP), WUAs in the irrigation system case studies can be assisted to achieve fi nancial and technical sustainability. PISP was implemented from 2005 to 2012. The PISP funded the rehabilitation works of tertiary level of irrigation system case studies, which was designed to ensure that the deferred maintenance cycle is broken and that irrigation systems performance is maintained at or close to the original design level. The projects also facilitated the growing need for the Participatory Irrigation Management approach. It is expected that the involvement of WUAs in project-funded rehabilitation will enable fi nancial independence [25] .
It can be seen from Table 1 that the average rehabilitation cost of the case study irrigation systems spent by the government through PISP was US$460/ha (average provision spent on the tertiary level was US$110/ha). In total, the project spent US$0.85 million on these tertiary works over 5 years.
Historically, water in Indonesia has been provided as 'free goods' for agricultural purposes. At the moment, the ISF is established at tertiary level and it aims to generate and allocate suffi cient funds for use by WUAs to properly support tertiary O&M activities. Each WUA is able to decide on the charge to be levied on its members. The ISF is established on a seasonal basis according to the area irrigated, with no distinction between cropping seasons. In the province of Lampung, the rates vary from 50 to 60 kg/ha (on average, 0.84% of their income is based on the 2009 farm gate unhulled rice selling price) or approximately US$22.22 per ha. Collection rates are almost 100%. The majority (60%) of the tariff revenues are used to fund WUA activities and seasonal labour (controllers of Table 1 : Rehabilitation cost/ha and tertiary work spent by PISP. [26] water distribution (Ulu-Ulu and ili-ili), collectors of the ISF, and administrative costs), 20% is allocated to cover maintenance costs, and the remaining 20% is retained to cover unexpected cost events and offi ce overhead. The ISF provision of 20% used to maintain the asset is not adequate to maintain the condition of asset at its best. Table 2 shows that the portion of the ISF, i.e. 20% (US$0.35 million), used by WUAs to fund the maintenance of tertiary works is only half the amount of that spent by the PISP to rehabilitate the tertiary networks. Since 1990, the cost of O&M (operations and maintenance) has been found to be inadequate, resulting in decreased performance of the irrigation network.
Source: The Government of the Province of Lampung, the Public Works Unit and PISP Implementation Unit
The level of service is the extent or degree of service provided by an asset, based on and related to the operational and physical characteristics of that asset. The level of service is divided into the level of service of irrigation and drainage, the level of service of irrigation assets including conveyance (channel, hydraulic, and supplementary) structures, operation and controlling facilities, and the management and general facilities of tertiary-level irrigation systems. Basically, the level of service of irrigation at a tertiary level provided by WUAs/WUAFs requires a supply of irrigation water that is equitable, is of suffi cient quantity, frequency, fl ow-rate, time, and duration. The level of service of tertiary-level irrigation systems is highly dependent on the level of service of irrigation at levels above this (at the source and secondary levels). The level of service should answer the increasing demand for water in the future, which requires on-going reviews of the ability of irrigation systems to meet such demand. Table 3 presents the possible future demands on the irrigation system case studies that were based on the results of performance and sustainability assessments [4] .
Since at tertiary levels, fi nancially autonomous WUAs are responsible for irrigation, future asset management and operations requirements should be their responsibility. This is particularly important over the next 5 years, as the irrigation systems will not receive any project funding from the Government, as is the nature of the project cycle in Indonesia. The amount spent by the project could be used as a guideline over the next 5 years to estimate the amount needed to rehabilitate at the tertiary level. This estimation has to be adjusted to the rate of infl ation over the useful life of assets for projected whole-of-life costs.
Preparation of needs-based budgets, in line with the proposed changes, assists in ensuring that WUAs conform to budgets. Under the short-term budget framework, WUAs expenditure management is directed towards increasing performance while sustaining natural resources and alleviating economic pressure on farmers. Major challenges for WUAs in the short-term are to ensure uninterrupted water supply, fi nance tertiary irrigation MOM, and increase WUA member welfare. Increasing WUA responsibility (authority) does create huge pressure on WUA expenditure management. Therefore, there is an obvious need to formulate a proper fi nancial management framework that encourages WUA initiatives in meeting administrative requirements. Furthermore, WUAs need to fi nd a way to remove their dependence on government subsidies by increasing the ISF or the portion of ISF for maintenance.
Unfortunately, it is not easy to impose a higher ISF upon farmers. Despite the small ISF, most of the farmers remain poor because they can only cultivate landplots of 0.5 ha on average, which only generates a monthly income of US$95.40. This amount only meets about half the needs of the average farmer, if there is no disruption to the harvest.
To successfully manage tertiary irrigation assets, WUAs must use the Option C approach. Option C helps WUAs to ensure, where possible, that available funds are spent on planning, purchasing and installation, O&M, and renewal of tertiary-level irrigation assets in a cost-effective manner.
The AMP includes allowance for the provision of the basic function of supplying water from tertiary-level irrigation systems. The assets at the tertiary level of case study irrigation systems consist mainly of conveyance facilities (channels and hydraulic assets), and operation and controlling Table 2 : Rehabilitation cost, irrigation service fee, and provision spent on tertiary O&M. 
0.35
Source: The Government of the Province of Lampung, the Public Works Unit, and the PISP Implementation Unit [26] .
facilities (regulators) that are attached to channels. There is a direct link between the O&M costs of an asset and the level of utilisation of an asset. By combining data, the cost per unit of service (i.e. asset service cost) can be calculated. The cost components of the irrigation system case studies are:
Capital investment activities
The costs associated with the works undertaken to rehabilitate, upgrade, extend, or improve existing system infrastructure. However, WUAs have not yet been able to utilise the ISF to fund capital investment. According to Small et al. [27] , the capital cost in 1986 for small irrigation systems was US$8,000, and for medium and large systems were US$1,500 and US$3,000, respectively. At present value, this corresponds between US$2,004 and US$4,000. Assuming the cost of capital needed for irrigation system case studies is US$2,000, this was deployed into an annual cost over 25 years of US$80. Currently all the irrigation system case studies are discharging its drainage water to the natural water bodies/ rivers Circulate irrigation water is meant to prevent fresh water as much as possible discharged into the river and preventing Greater effi ciency to conserve water
System operating costs
The aim of mapping the cost of operation is to gather as many elements of cost as possible that go into the operation of a system, to identify the possible gains with the current operational setup and service, and to know the cost of improved service implementation. For irrigation system case studies, the operating cost is mainly the cost of personnel since all assets are operated manually and a single WUA manages a local tertiary-level irrigation system; therefore, transport costs do not apply. Based on 60% of ISF collected were used for personnel, the operation costs have been calculated at US$26/ha/year.
Maintenance costs
This refers to the costs of recording irrigation system operations over time, with a particular pattern of capital investment apparent when looking at deteriorating assets. Past maintenance records enable observation of trends in operating expenditure (OPEX). Unfortunately, no historical data on routine maintenance could be found, and replacement and renewal activities of assets at the tertiary level were not recorded. Table 2 shows that the average routine maintenance cost accounted for 20% of the collected ISF or US$9/hectares/year. Therefore, the O&M costs were US$35/hectare/year. In 1998, it is estimated that the average budgetary requirement for maintenance of Indonesia's public irrigation systems was $18-28/ha [28] , which is equal to US$47/hectare. Therefore, the current O&M of US$35/hectare is insuffi cient to meet service requirements and needs to be increased to US$73/hectare.
Replacement costs
Various assets (or components of assets) have different useful lives and different maintenance requirements. Deterioration is regularly addressed with maintenance expenditure. Since there was no historical data on assets replacement, therefore, the deterioration curve for channels and hydraulic structure asset groups was assumed to follow the trend in Fig. 3 . Replacement and renewal activities of tertiary assets are required when the condition of assets deteriorates between 25% and 60% of their original condition, and this usually occurs when assets reach 75-80% of their useful life. This means that rehabilitation works are needed when the age of assets reaches 16 to 20 years (in 2016). Table 1 shows that the rehabilitation costs for tertiary assets were US$106/hectare. Assuming that rehabilitation costs are deployed over 20 years, then the rehabilitation cost required annually would be US$5. Figure 3 : Typical deterioration curve for channels and hydraulic structure asset groups (adjusted from Stapelberg [24] ). Table 4 shows a summary of the service costs for the tertiary irrigation system case studies. If the costs are to be recovered by the end of its useful life, the current ISF of US$44/hectare/year (1% of farmer income) needs to be adjusted to maintain the condition of tertiary-level irrigation systems. The cost of services (US$131) is still reliable, it accounts for 2.5% of farmer income. This amount is still far below the ISF imposed in other countries [28] . The ISF also needs to increase every year to adjust for infl ation. 5. Depreciation: In the economic analysis of a project, depreciation should be considered. The simplest way to calculate depreciation is to utilise a straight-line method, in which an asset's condition depreciates uniformly over time. Since the useful life of an asset is considered to be 25 years [13] , then the assets will depreciate at a rate of 4% per year.
Infl ation rate and discount rate
Based on data obtained from the Bank of Indonesia [23], the infl ation rate has fallen since 1990. This is due to sound economic growth and the current stable political condition in Indonesia. The latest records from the Bank of Indonesia show an infl ation rate of 4.9%. However, in the past Indonesia has experienced economic distress and very high infl ation rates occurred during the global economic crisis in 1998. It is, therefore, diffi cult to estimate future infl ation rates. The rate of infl ation used in this report is 10%, even though the trend line in Fig. 4 suggests a lower rate. The rate of discount is the desired profi t margin, and this depends on the risks and uncertainties of a project. This means that the discount rate may be slightly higher than the costs that were incurred. The agricultural business sector (agribusiness) is one of the greatest in Indonesia, but crop production is dependent on global climate change; therefore, a discount rate of 15% should be applied. The following are the discount rate applied in the Philippines (15%), India and Pakistan (12%), and by the World Bank and Asian Development Bank (10 -12%) [29] . The infl ation rate in Indonesia within the last 25 years is shown in Fig. 4 . Based on the above assumptions, tertiary routine O&M and rehabilitation costs for each irrigation system case studies can be projected and subsequently a simplifi ed-sustainable and cost-effective AMP model can be developed. The following are the examples of AMP framework of the Padang Ratu irrigation system: Figure 5 shows an example of short-term maintenance planning for the Padang Ratu irrigation system.
Budget planning (5 years): routine MOM costs:

Short-term planning (investment priorities, 5 years):
Improve channel conditions and networks, and increase the number of turnouts/offtakes to improve irrigation services and water distribution. However, to be able to implement this program, WUAs have to previously solve the problem of funding. If the funds will be source from ISF, then it is necessary to consult with the farmer water users so that they are willing and able to bear the corresponding increase in ISF calculated above. For medium and long-term capital planning, as outlined below, government involvement is a necessity. 3. Medium-term planning (capital planning, 10 years): Install suitable measuring devices to implement the ISF based on the volume of water used, raise the ISF to improve water use efficiency and to increase cost recovery. 4. Long-term planning (capital planning, 20 years): Implement pressurised irrigation methods and recirculate irrigation water to improve irrigation effi ciency.
5 CONCLUSIONS The AMP model developed was expanded by the IIS [13] , and Burton et al. [3] discussed regarding simplifi ed asset management planning for irrigation system in developing countries. The AMP was also developed by considering as much as possible the input from experts and organisations discussed in the literature review as well as secondary data from the PISP implementation. It could be expected that the simplifi ed AMP developed in this study provides an appropriate way of running irrigation systems in an effi cient, cost-effective and sustainable way and can be used by any owner/ user organisation such as WUAs which do not have any previous experience in running MOM asset of irrigation system. It also helps them to focus their efforts on achieving an improved irrigation system performance and sustainability. To ensure that the simplifi ed AMP is successfully used by WUAs, it requires government assistance to provide technical support such as training and promoting effective and viable user associations as well as appropriate legal enforcement, government legislation and regulation in place. The results also indicate that successful implementation of the improved AMP may take several years but with positive long-term sustainable benefi ts. At the moment, the WUAs are only just ready to fund the MOM costs of tertiary-level irrigation system. If budget and short-term planning by farmers is successfully achieved, greater responsibility can be allocated to farmers in the future. The research suggests that to enable them to make physical improvements on physical assets, they need to generate income from sideline activities of the WUAs or increase the ISF. It could be expected that the outcome of this research would be useful for those formulating the viable option to facilitate more effi cient use of irrigation resources and cost-effectiveness in the MOM of irrigation assets.
In the future, a more rigorous and compelling research methods should be carried out to assess the real impact of the simplifi ed IMP as well as a review on the capacity and effectiveness of WUAs as business organisation in carrying the MOM of tertiary level of irrigation system not only in Indonesia but also in other countries with similar arrangement as Indonesia.
